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(54) A LABORATORY AUTOMATION SYSTEM FOR PROCESSING SAMPLE CONTAINERS

(57)  Aspects relate to a laboratory automation sys-
tem, a computer-implemented method, and a computer
program for processing sample containers. The labora-
tory automation system comprises a storage unit config-
ured to receive and store sample containers. The labora-
tory automation system further comprises at least one
laboratory instrument configured to process samples
contained in the sample containers. The laboratory auto-
mation system further comprises a conveying unit con-
figured to convey sample containers between the storage
unit and the laboratory instrument. The storage unit

comprises a pick-and-place unit, a working section, a
storing section, and a transfer unit. The working sectionis
configured such that a plurality of sample containers may
be arranged therein to be accessible by the pick-and-
place unit. The pick-and-place unit is configured to pick
up a sample containerin the working section and to place
said sample container on the conveying unit. The storing
section is configured such that a plurality of sample
containers may be arranged therein by a user, and the
transfer unit is configured to transfer the sample contain-
ers between the working section and the storing section.
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Description

[0001] The technicalfield relates to processing sample
containers in a laboratory. In particular, the present dis-
closure relates to a system (e.g., a laboratory automation
system) and method for processing sample containers by
means of a storage unit and a laboratory instrument.
[0002] The number of tasks that need to be processed
in alaboratory may fluctuate. More specifically, there may
be peak times in which many more sample containers
arrive than can be quickly processed. Accordingly, la-
boratory instruments in the laboratory as well as convey-
ing units in the laboratory may become blocked or
clogged. In addition, holders of sample containers may
pile up in front of the loading area, which may create
additional work for laboratory personnel and take up
valuable space in the laboratory. The arrival of an unu-
sually large number of sample containers within a short
time period may be particularly problematic with regard to
samples requiring immediate processing. For example,
some samples may require centrifugation to be punctu-
ally performed in order to avoid jeopardizing the quality of
the samples.

[0003] Conventional approaches to solving this pro-
blem involve obtaining additional laboratory instruments
or even a further laboratory automation system. How-
ever, this canresultin high costs, space consumption and
eventual underutilization of the additional laboratory in-
struments and/or the further laboratory automation sys-
tem , especially outside peak times.

[0004] According to a first aspect, a laboratory auto-
mation system for processing sample containers is pro-
vided. The system comprises a storage unit configured to
receive and store sample containers. The system further
comprises at least one laboratory instrument configured
to process samples contained in the sample containers.
The system further comprises A conveying unit config-
ured to convey sample containers between the storage
unit and the laboratory instrument. The storage unit
comprises a pick-and-place unit, a working section, a
storing section, and a transfer unit. The working section is
configured such that a plurality of sample containers may
be arranged therein to be accessible by the pick-and-
place unit. The pick-and-place unit is configured to pick
up a sample container in the working section and to place
the sample container on the conveying unit. The storing
section is configured such that a plurality of sample
containers may be arranged therein by a user. The
transfer unit is configured to transfer the sample contain-
ers between the working section and the storing section.
[0005] In addition, the pick and place unit may be
configured to pick up a sample container from the con-
veying unit and place the sample containerin the working
section.

[0006] The storing section may be distinguished from
the working section in that the storing section is acces-
sible by a user whereas the working section is not ac-
cessible by a user. More specifically, the storing section
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may be accessible during normal operation of the labora-
tory automation system. Samples may be added to the
storing section without disrupting the operation of the
automated laboratory.

[0007] The pick-and-place unit may be implemented
as a robot or a device with robotic capability.

[0008] A laboratory may be a technical system includ-
ing one or more laboratory instruments. The laboratory
instruments may be capable of communicating with each
other and/or communicating with other devices (e.g.,
computers). The laboratory instruments may also be
referred to as laboratory devices or laboratory equipment
and may include laboratory automation.

[0009] The laboratory may be a clinical or medical
laboratory. The laboratory may include one or more
laboratory instruments and/or at least one computer.
The laboratory may be configured to receive biological
samples from clinical or medical facilities, such as hos-
pitals. Alternatively, the laboratory may be a part of a
clinical or medical facility and may receive biological
samples from another part of the clinical or medical
facility.

[0010] The laboratory automation system (LAS) may
be an assembly comprising a plurality of components.
The LAS may also be referred to as an automated la-
boratory system. One or more computing devices may be
operatively connected to these components and config-
ured to control each component. The LAS may comprise
one or more subsystems, wherein a subsystem com-
prises one or more components of the LAS.

[0011] Sample containers (e.g., test tubes) may con-
tain biological samples. A biological sample may be
associated with a patient. For example, the container
may include a machine-readable code (e.g., a barcode)
identifying the patient, a doctor, a hospital, a desired
analysis test and possibly other health information. Ac-
cordingly, a surgical procedure may be scheduled and
can only take place after results of a clinical test have
been received. Moreover, a patient’s life may depend on
the results of the clinical test being received by a specified
completion time, e.g., so that a life-saving surgical pro-
cedure may be performed.

[0012] A clinical test (i.e., clinical laboratory test) may
be diagnostic and/or medical. The clinical test may in-
clude use of a chemical and/or biological process to
determine or measure a level of a chemical component
in a bodily fluid and/or bodily tissue. The chemical com-
ponent may include blood glucose, an electrolyte, an
enzyme, a hormone, a lipid (fat), another metabolic sub-
stance or a protein. The clinical test may be used to
identify a sign of a nutrient deficiency in a patient, detect
a change in the health of the patient, evaluate bodily
functions of the patient (e.g., kidney function, liver func-
tion or thyroid function), monitor treatment of the patient
or disease progression in the patient. In particular, a
clinical test may comprise physical, biological, optical,
mechanical, immunological, and/or chemical proce-
dures. Exemplarily, a clinical test may be an immunoas-
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say test. The biological sample may be a material or
specimen and may include blood, urine, tissue, cells,
saliva, etc. A plurality of processing steps may be de-
pendent on the clinical test and/or the plurality of proces-
sing steps may be specific to the clinical test.

[0013] The conveying unit may be for moving contain-
ers from one component of the laboratory automation
system to another component of the laboratory automa-
tion system. The conveying unit may include a track, a
belt and/or a carrier configured to move biological sam-
ples. A robot or robotic arm may be connected to the
conveying unit in order to place containers on the con-
veying unit or take containers off the conveying unit.
[0014] The laboratory automation system may enable
rapid increases in the number of sample containers
arriving at a laboratory (i.e., peak load) to be efficiently
handled. Specifically, instead of requiring new and ex-
pensive laboratory instruments to handle peak loads of
sample containers, the sample containers can instead be
stored in the storage unit and processed when the la-
boratory instrument becomes available. This may also
help prevent or reduce underutilization of the laboratory
instrument when the peak loads passes and the number
of sample containers in the laboratory returns to a stan-
dard or normal number. For example, a normal/average
load at a laboratory may be about 500 sample containers
per hour and a peak load may be over 3000 or over 5000
sample containers per hour. Put another way, the peak
load may be over 5 times the normal load or over 10 times
the normal load.

[0015] Accordingly, the storage unit may have a capa-
city of at least 5 times the (average) hourly throughput of
the laboratory automation system or at least 10 times the
hourly throughput of the laboratory automation system.
For example, the capacity of the storage unit may be at
least 1,000 sample containers, at least 2,000 sample
containers, at least 5,000 sample containers or at least
10,000 sample containers.

[0016] In some cases, the sample containers may
need to be stored vertically in orderto preserve the quality
of the samples.

[0017] The storage unit may function as an input to the
laboratory automation system, a buffer of the laboratory
automation system and an endpoint of the laboratory
automation system.

[0018] Insome cases, the conveying unitis configured
to convey the sample containers in sample container
carriers. The sample containers may be arranged in
sample container holders in the working section. The
sample container holders may be identical to the sample
container carriers. In addition or alternatively, the sample
container holders may be implemented as multi-sample
racks. The pick-and-place unit may be configured to pick
up the sample container from a sample container holder
in the work section and to place the sample containerona
sample container carrier on the conveying unit. In addi-
tion or alternatively, the pick-and-place unit may be con-
figured to pick up the sample container from the sample
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container on the conveying unit and place the sample
container in the sample container holder in the work
section. The transfer unit may be configured to transfer
the sample container holders between the working sec-
tion and the storing section.

[0019] The storage unit may further comprise a cooling
unit configured to control air temperature. The cooling
unit may be configured to cool the working section and/or
the storage section. In addition or alternatively, the cool-
ing unit may be configured to cool the entire storage unit.
The cooling unit may be implemented as a refrigeration
unit.

[0020] The cooling unit may have the advantage of
keeping samples cool while the samples are in the sto-
rage unit. In some cases, maintaining sample quality may
depend on keeping the sample cool rather than at am-
bient temperature.

[0021] The storage unit may have a capacity to store at
least five times or at least ten times the average number
of sample containers that are processed in the laboratory.
For example, if the laboratory processes an average of
500 sample containers per hour, the storage unit may
have a capacity to store atleast 5000 sample containers.
[0022] Accordingly, the storage unit may ensure suffi-
cientloading capacity for all sample containers arriving at
the laboratory, even at peak times.

[0023] Moreover, the storage unit may help avoid un-
derutilization of laboratory equipment, particularly during
nonpeak times.

[0024] The storage unit may also ensure that sample
containers are processed when the laboratory instrument
is available to process them. Hence, in contrast to a
situation in which carriers of the sample containers are
stacked near the laboratory automation system, the sto-
rage unit may ensure processing of sample containers
without user intervention by tracking when the laboratory
automation system (e.g., the laboratory instrument) is
available to process further sample containers. This may
also help to avoid underutilization of the laboratory auto-
mation system, particularly, underutilization of laboratory
instruments of the laboratory automation system.
[0025] Underutilization of laboratory instruments may
be a consequence of installing enough laboratory instru-
ments to handle all the sample containers arriving at the
laboratory during peak times. The storage unit may make
it possible to process the same number of sample con-
tainers that could be processed with additional laboratory
instruments, over a longer period of time. Hence, use of
the storage unit could save the costs of the additional
laboratory instruments and improve the overall efficiency
of the laboratory.

[0026] The storage unit may be modular. Specifically,
storing sections, working sections, transfer units, and
pick-and-place units may be added or removed as
needed. Similarly, corresponding cooling units may be
added or removed along with the storing and/or working
sections.

[0027] Moreover, the storage unit may decouple the
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loading of the sample tubes from the processing capacity
of the LAS and enable unsupervised loading of the LAS.
[0028] The conveying unit may be configured to con-
vey sample containers to the laboratory instrument
based on a load of the laboratory instrument. For exam-
ple, if the load of the laboratory instrument indicates that
the laboratory instrument is busy or unable to process
further containers, the conveying unit might not convey
sample containers to the laboratory instrument. Other-
wise, if the load of the laboratory instrument indicates that
the laboratory instrument is able to process further con-
tainers, the conveying unit might convey sample contain-
ers to the laboratory instrument. The conveying unit may
be configured to convey the sample containers to the
laboratory instrument based on instructions received
from a computing device.

[0029] A computing device may be configured to de-
termine the load of the laboratory instrument and may
trigger conveyance of the sample containers to the la-
boratory instrument via the conveying unit.

[0030] In some cases, the LAS may include multiple
laboratory instruments. In such cases, load balancing
may be applied so as to efficiently utilize the laboratory
instruments, e.g., by monitoring the load of each of the
laboratory instruments and configuring the conveying
unit to convey sample containers to a laboratory instru-
ment that is available for processing the sample contain-
ers.

[0031] The system may further comprise aninput com-
ponent configured to receive sample containers and/or a
distribution component configured to receive container
information for each of the sample containers, the con-
tainer information comprising a container priority. The
conveying unit may be configured to convey the sample
containers from the input component to the distribution
component.

[0032] The container priority may refer to processing
priority or testing priority. Processing priority may deter-
mine which sample needs to be processed in order to
avoid deterioration or degradation. Testing priority may
determine which sample needs to be processed in view of
external factors, such as an upcoming surgical procedure
or for determination of the health of a patient.

[0033] The input component may be implemented as
an input drawer. The distribution component may be
implemented as a distribution drawer.

[0034] The input component and/or the distribution
component may include a scanning device operable to
scan the sample containers. For example, each of the
sample containers may include a machine-readable
code and the scanning device may be operable to read
the machine-readable code in order to determine the
container information.

[0035] Insome cases, the input component and/or the
distribution component may be implemented as part of
the storage unit. More specifically, the input component
and/or the distribution component may be implemented
as part of the storing section. Alternatively, the input
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component and/or the distribution component may be
implemented as part of the working section or as part of
the working section and the storing section.

[0036] Insome cases, the distribution component may
be implemented along the conveying unit, e.g., between
the input component and the storage unit.

[0037] The containerinformation may further comprise
a holder and/or carrier identifier.

[0038] In some cases, a bulk loader may be provided
adjacent to the storage unit. Alternatively, the bulk loader
may be part of the storage unit. The bulk loader may be
operable to handle individual sample containers and/or to
receive container information (e.g., via a scanning device
to scan labels of the containers) prior to placing the
containers in container carriers or holders in the storage
unit. An advantage of the bulk loader would be that
containerinformation would be available to the laboratory
automation system before the containers are stored in
the storage unit.

[0039] The bulk loader may be loaded with unsorted
tubes, e.g., via a hopper (i.e., a container that tapers
downward and is able to discharge its contents at the
bottom). The tubes may be poured into the hopper by the
user and then processed one at a time by the system.
[0040] The system may further comprise a computing
device configured to determine, based on a load of the
laboratory instrument, whether the laboratory instrument
is able to process further sample containers. The con-
veying unit may be further configured to convey, upon
determining that the laboratory instrument is unable to
process further sample containers, the sample contain-
ers from the distribution component to the storage unit.
The computing device may be further configured to prior-
itize the sample containers in the storage unit for proces-
sing by the laboratory instrument according to the corre-
sponding container priority of each sample container.
Upon determining that the laboratory instrument is able
to process further sample containers, the computing
device may be further configured to instruct the pick-
and-place unit to extract, from the working section, at
least one of the sample containers for processing by the
laboratory instrument according to the corresponding
container priority. The conveying unit may be further
configured to transport the sample containers to the
laboratory instrument for processing.

[0041] In some cases, sample containers having a
relatively low priority may be placed in a more distant
portion of the storage unit (with respect to the transfer
unit) while sample containers having a relatively high
priority may be placed in a nearer portion of the storage
unit in order to minimize the movement required of the
transfer unit. For example, multiple relatively high priority
sample containers may be placed and removed from the
storage unit before removing a relatively low priority
sample container from the storage unit. More specifically,
sample containers having a relatively low priority may be
placed in a more distant portion of the storing section
(relative to the transfer unit) and sample containers hav-
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ing a relatively high priority may be placed in a nearer
portion of the storing section.

[0042] In addition or alternatively, higher priority con-
tainers may be loaded in a portion of the working section
closer to the conveying unit than other portions of the
working section and/or higher priority containers may be
loaded in a portion of the storing section closer to the
working section than other portions of the storing section.
[0043] The laboratory instrument may be unable to
process further sample containers because the labora-
tory instrument is currently occupied or performing ana-
lysis. Hence, When the laboratory instrumentis unable to
process further sample containers, the load of the labora-
tory instrument may indicate that the laboratory instru-
ment is currently performing analysis and will be busy for
a specified period of time. When the laboratory instru-
ment is able to process further sample containers, it may
be that the laboratory instrument is no longer busy and/or
analysis is complete. In other words, a scheduling pro-
cess may dispatch a sample container from the storage
unit such that continuous testing is enabled and conse-
quently idle time of the laboratory instrument is mini-
mized.

[0044] One sample container may have a higher prior-
ity than another sample container for various reasons.
For example, a sample container may have a relatively
high priority because the corresponding sample relates
to an upcoming surgery or an urgent test for a patient.
Samples corresponding to a rare test may have a rela-
tively low priority and may be held until enough further
samples arrive to justify conducting the rare test.
[0045] Accordingly, it may be advantageous to be able
to extract an arbitrary sample container from the working
section of the storage unit for processing by the labora-
tory instrument. Forexample, itis possible that the priority
of the sample containers does not correspond to the
order in which the sample containers arrive at the labora-
tory. Some sample containers may need to be processed
out of order, e.g., because the samples contained within
the containers relate to time sensitive tests or surgeries,
or the samples themselves may degrade or become
unusable after a period of time. For the extraction, a
computing device may be operable to locate sample
container within the storage unit based on one or more
of the following: a location identifier identifying a location
of the sample container within the storage unit, the cor-
responding container priority, and a sample container
identifier.

[0046] The containerinformation may further comprise
a container identifier. The method may further comprise
identifying, based on the corresponding container iden-
tifier, at least one of the sample containers for processing
by a pre-analysis laboratory instrument of the laboratory
automation system. The conveying unit may be config-
ured to convey the at least one identified sample contain-
er to the pre-analysis laboratory instrument. The pre-
analysis laboratory instrument may be configured to
process the at least one identified sample container.
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The conveying unit may be configured to convey, after
the processing, the at least one identified sample con-
tainer to the storage unit. The pre-analysis laboratory
instrument may be a centrifuge, an aliquoter, or a dec-
apper.

[0047] It may be advantageous to be able to perform
pre-analysis processing on the pre-analysis laboratory
instrument even when an analysis laboratory instrument
is busy. For example, some samples may require punc-
tual or prompt centrifugation in order to maintain sample
quality. By identifying such samples and ensuring that
centrifugation is performed, even if the analysis labora-
tory instrument is busy, sample quality may be main-
tained. Moreover, after centrifugation, the sample can
be stored in the storage unit until the analysis laboratory
instrument is ready to process further samples.

[0048] Inaddition,itmay be advantageous to automate
centrifugation within the laboratory automation system.
This may avoid a situation in which laboratory workers
need to manually identify samples needing to be centri-
fuged and perform centrifugation on those samples.
[0049] The computing device may be configured to
locate a container within the storage unit based on a
sample container identifier corresponding to the sample
container and a location identifier corresponding to the
sample container in the storage unit.

[0050] Beingable tolocate the sample container within
the storage unit may be advantageous in order to access
arbitrary sample containers within the storage unit. By
being able to arbitrarily access sample containers within
the storage unit, pre-analysis processing can be per-
formed in order to maintain sample quality for samples
requiring pre-analysis processing and analysis can be
performed on high priority samples even if those high
priority samples arrived later than other lower priority
samples.

[0051] The laboratory instrument may be an analysis
laboratory instrument. The analysis laboratory instru-
ment may be configured to determine one or more char-
acteristics of a sample in a sample container and/or
perform a clinical test on a sample in a sample container.
[0052] For example, the laboratory instrument may be
orinclude an immunoassay analyzer, a chemistry analy-
zer, an identification and antibiotic susceptibility analy-
zer, a bacteriology analyzer, a molecular analyzer, a
hematology analyzer or a urinalysis instrument.

[0053] The storage unit may further comprise means
for protecting the sample containers from vibration. For
example, the storage unit may include shelves that are
stable and do not move. In addition or alternatively, the
storage unit may be insulated from external vibrations.
[0054] Means for protecting the sample containers
from vibration may be advantageous in maintaining the
stability of the samples. For example, a sample may
contain a mixture of components and the components
may separate when the sample container is vibrated or
shaken. More specifically, separated blood contents may
remix or become resuspended when subjected to vibra-
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tion.

[0055] Moreover, sample containers on a conveying
unit may be exposed to a certain amount of vibration. The
storage unit may prevent such vibrations from reaching
the sample containers.

[0056] The cooling unit may be vertically mounted on
the storage unit and/or the cooling unit may be mounted
on top of the storage unit. Such a configuration may have
the advantages of reducing the possibility of icing, pro-
viding better access for maintenance, and providing ea-
sier draining.

[0057] The conveying unit may comprise a first track
and a second track. The first track may be configured to
convey sample containers in a first direction. The second
track may be configured to convey sample containersina
second direction. The second direction may be opposite
to the first direction. Accordingly, the conveying unit may
be operable to convey the sample containers to an arbi-
trary location in the laboratory automation system.
[0058] The pick-and-place unitmay be operable to pick
up items from and place items on the first track and/or the
second track.

[0059] According to a second aspect, a computer im-
plemented method for processing sample containers is
provided. The method comprises receiving, from a user,
a plurality of sample containers in a storing section of a
storage unit. The method further comprises transferring,
by a transfer unit of the storage unit, the sample contain-
ers from the storing section to a working section of the
storage unit. The method further comprises arranging the
plurality of sample containers in the working section. The
method further comprises picking up, by a pick-and-place
unit of the storage unit, a sample container from the
working section and placing the sample container on a
conveying unit. The method further comprises conveying
the sample container, via the conveying unit from the
storage unit to a laboratory instrument configured to
process the sample contained in the sample container.
[0060] The method may further comprise receiving the
sample containers at an input component. The method
may further comprise transferring the sample containers
from the input component to a distribution component.
The method may further comprise receiving, at the dis-
tribution component, container information for each of the
sample containers, the container information comprising
a container priority. The method may further comprise
determining, by a computing device and based on a load
of the laboratory instrument, whether the laboratory in-
strument is able to process further sample containers.
The method may further comprise conveying, by the
conveying unit, upon determining that the laboratory
instrument is unable process further sample containers,
the sample containers from the distribution component to
the storage unit.

[0061] Transferring from the input component to the
distribution component may be carried out via a further
pick-and-place unit or gripping unit.

[0062] Advantageously, the sample containers can be
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maintained in a stable condition in the storage unit until
the laboratory instrument is available to process further
sample containers. Moreover, since container informa-
tion for each of the sample containers has been received,
the sample containers can be further processed accord-
ing to container priority rather than in a first in first out or
arbitrary order.

[0063] According to a third aspect, a computer pro-
gram is provided. The computer program comprises
instructions that, when the program is executed by a
computer, cause the computer to carry out the method
described above.

[0064] The subject matter described in this disclosure
can be implemented as a method or on a device, possibly
in the form of one or more computer programs (e.g.,
computer program products). Such computer programs
may cause a data processing apparatus to perform one
or more operations described in the present disclosure.
[0065] The subject matter described in the present
disclosure can be implemented in a data signal or on a
machine readable medium, where the medium is embo-
died in one or more information carriers, such as a CD-
ROM, a DVD-ROM, a semiconductor memory, or a hard
disk. In particular, disclosed subject matter may be tan-
gibly embodied in a non-transitory machine (computer)
readable medium.

[0066] In addition, the subject matter described in the
present disclosure can be implemented as a system
including a processor, and a memory coupled to the
processor. The memory may encode one or more pro-
grams to cause the processor to perform one or more of
the methods described in the application. Further subject
matter described in the present disclosure can be im-
plemented using various machines.

[0067] Details of one or more implementations are set
forth in the exemplary drawings and description that
follow. Other features will be apparent from the descrip-
tion, the drawings, and from the claims.

Brief Description of the Drawings

[0068]

FIG 1 shows a laboratory automation systemin a first
configuration.

FIG 2 shows the laboratory automation system in a
second configuration.

FIG 3 shows a top view of a first storage unit.

FIG 4 shows a side view of the first storage unit.
FIG 5 shows a top view of a second storage unit.
FIG 6 shows a side view of the second storage unit.
FIG 7 shows a top view of a third storage unit.

FIG 8 shows a side view of the third storage unit.
FIG 9 shows a top view of a fourth storage unit.
FIG 10 shows a side view of the fourth storage unit.
FIG 11 shows a top view of fifth storage unit.

FIG 12 shows exemplary sample container carriers.
FIG 13 shows a flow chart according to an embodi-
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ment.

Detailed Description

[0069] In the following text, a detailed description of
examples will be given with reference to the drawings.
Various modifications to the examples may be made. In
particular, one or more elements of one example may be
combined and used in other examples to form new ex-
amples.

[0070] Figure 1 shows a laboratory automation system
in a first configuration. At 101, sample containers in
sample container carriers may be loaded into an input
component 103. The sample container carriers may be
implemented as racks and/or the sample containers may
be implemented as tubes (e.g., glass or plastic tubes).
From the input component 103, the sample containers
may be transferred (e.g., via a further pick-and place unit)
to a distribution component 105. In addition or alterna-
tively, sample containers may be loaded in bulk at 107 to
the distribution component 105. When loading in bulk at
107, the sample containers may be contained in alter-
native sample container carriers such as cartons or
boxes including separators to isolate and protect each
sample container.

[0071] From the distribution component 105, the sam-
ple containers may be conveyed via the conveying unit to
a storage unit 109. From the storage unit 109, the sample
containers may be conveyed to a pre-analysis laboratory
instrument 111. More specifically, the sample containers
may be conveyed to a centrifuge. In some cases, contain-
er information of the sample containers may be used to
determine whether to convey the sample containers to
the pre-analysis laboratory instrument 111. For example,
a sample container identifier may be used to determine
whether to convey the sample containers to the pre-
analysis laboratory instrument 111.

[0072] After processing by the pre-analysis laboratory
instrument 111, the sample containers may be conveyed
via the conveying unit back to the storage unit 109. For
example, if an analysis laboratory instrument 113 is un-
able to process further sample containers, then the sam-
ple containers may be conveyed via the conveying unit
from the pre-analysis laboratory instrument 111 to the
storage unit 109. Upon determining that the analysis
laboratory instrument 113 is able to process further sam-
ple containers, the sample containers may be conveyed
via the conveying unit from the storage unit 109 to the
analysis laboratory instrument 113.

[0073] After analysis at the analysis laboratory instru-
ment 113, the sample containers may be conveyed via
the conveying unit to a further storage unit 115. Upon
determining that the sample containers are no longer
needed, the sample containers may be conveyed via
the conveying unit to a waste disposal 117.

[0074] Figure 2 shows the laboratory automation sys-
tem in a second configuration. At 101, sample containers
in sample container carriers may be loaded into the

10

15

20

25

30

35

40

45

50

55

storage unit 109. From the storage unit 109, the sample
containers may be conveyed via the conveying unitto the
input component 103. Alternatively, sample containers
may be loaded in bulk at 107 into the input component
103, as described above.

[0075] From the input component 103, the sample
containers may be conveyed to the distribution compo-
nent 105. When the analysis laboratory instrument 113 is
unable to process further sample containers, the sample
containers may be conveyed, via the conveying unit, from
the distribution component 105 back to the storage com-
ponent 109. Sample containers that have been identified
for processing (e.g., based on a corresponding sample
container identifier) by the pre-analysis laboratory instru-
ment 111 may be conveyed, via the conveying unit, from
the distribution component 105 to the pre-analysis la-
boratory instrument 111. If the analysis instrument 113 is
unable to process further sample containers, the sample
containers may be conveyed from the pre-analysis la-
boratory instrument 111 back to the storage unit 109.
When the analysis instrument is able to process further
sample containers (e.g., as determined by a computing
device), the sample containers may be conveyed via the
conveying unit from the storage unit 109 to the analysis
instrument 113.

[0076] After analysis, the sample containers may be
conveyed via the conveying unit to a further storage unit
115 and finally to a waste disposal 117.

[0077] Figure 3 shows a top view of a first storage unit
109. The first storage unit 109 may include a storing
section 301, where a plurality of sample containers
may be arranged by a user, and a working section 303,
where the plurality of sample containers may be arranged
to be accessible by a pick-and-place unit (e.g., a tube
robot). The working section 303 may be referred to as a
storage rack builder unit (SRBU). The storing section 301
may be implemented as a set of shelves. At least the
working section 303 may be cooled. A transfer unit 305,
also referred to as a rack transfer unit, may be imple-
mented to transfer sample containers between the work-
ing section 303 and the storing section 301. The pick-
and-place unit may be operable to pick up a sample
container in the working section 303 and place the sam-
ple container on a conveying unit 307.

[0078] Figure 4 shows a side view of the first storage
unit 109. The plurality of sample containers may be ar-
ranged by a user in the storing section 301. The transfer
unit 305 may transfer the sample containers between the
working section 303 and the storing section 301, or vice
versa. The pick-and-place unit may be configured to pick
up a sample container in the working section 303 and
place the sample container on the conveying unit 307.
One or more cooling units 401 may be configured to
control air temperature, particularly for the working sec-
tion 303.

[0079] Figure 5 shows a top view of a second storage
unit 109. The second storage unit 109 includes a plurality
of working sections 303. In addition, the second storage
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unit 109 includes a rack transfer unit 305. The second
storage unit 109 is connected to the conveying unit 307
as well as a disposal unit 501.

[0080] Figure 6 shows a side view of the second sto-
rage unit 109. As shown, the second storage unit 109
includes the storing section 301, the working section 303,
and the cooling unit 401. The second storage unit 109 is
connected to the conveying unit 307 and the disposal unit
501.

[0081] Figure 7 shows a top view of a third storage unit
109. The third storage unit 109 includes storing sections
301, working sections 303 and the transfer unit 305. In
addition, the third storage unit 109 is connected to the
conveying unit 307 as well as the disposal unit 501.
[0082] Figure 8 shows a side view of the third storage
unit 109. The third storage unit 109 includes the storing
section 301, the working section 303 and the cooling units
401. The third storage unit 109 is connected to the con-
veying unit 307 and the disposal unit 501.

[0083] Figure 9 shows a top view of a fourth storage
unit 109. The fourth storage unit 109 includes working
sections 303, storage sections 301 and transfer unit 305.
In addition, the fourth storage unit 109 is connected to the
conveying unit 307 and the disposal unit 501.

[0084] Figure 10 shows a side view of the fourth sto-
rage unit 109. The fourth storage unit 109 includes sto-
rage sections 301, working section 303, and cooling units
401. As shown, the cooling units 401 are mounted on top
of the storage unit 109. This configuration may be ad-
vantageous in that icing is less of an issue, it may be
easier to access the storage sections 301, it may be
easier to access the cooling units 401 for maintenance
and it may be easier to drain the cooling units 401. The
fourth storage unit 109 may be connected to the convey-
ing unit 307 and the disposal unit 501.

[0085] Figure 11 shows a top view of fifth storage unit
109. The fifth storage unit 109 includes storage sections
301 and the transfer unit 305. The sample containers are
contained in sample container carriers, e.g., racks. The
fifth storage unit 109 is connected to the conveying unit
307.

[0086] Figure 12 shows exemplary container carriers.
The container carriers have been implemented as racks.
The container carriers hold either 36 (6x6) containers or
84 (6x14) containers. Other sizes are also possible.
[0087] Figure 13 shows a flow chart of a method for
processing sample containers. At S201, the method
comprises receiving, from a user, a plurality of sample
containers in a storing section of a storage unit. The
storage unit may correspond to the storage unit 109.
The storing section may be a part of the storage unit that
is accessible to the user. Other parts of the storage unit
might not be accessible to the user. The sample contain-
ers may be stackable in the storing section. The sample
containers may be provided in one or more sample con-
tainer carriers.

[0088] At S203, the method further comprises trans-
ferring, by a transfer unit of the storage unit, the sample
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containers from the storing section to a working section of
the storage unit. The working section may correspond to
a portion of the storage unit that is not physically acces-
sible to the user.

[0089] At step S205, the method further comprises
arranging the plurality of sample containers in the work-
ing section. The arranging may be carried out by the
transfer unit. For example, the sample containers may
be arranged in carriers or racks.

[0090] At step S207, the method further comprises
picking up, by a pick-and-place unit of the storage unit,
a sample container from the working section and placing
the sample container on a conveying unit. Step S207 may
be carried out after determining that a laboratory instru-
ment (e.g., an analysis laboratory instrument) is available
to process the sample container.

[0091] At step S209, the method further comprises
conveying the sample container, via the conveying unit,
from the storage unit to a laboratory instrument configure
to process the sample contained in the sample container.

Claims

1. Alaboratory automation system for processing sam-
ple containers, comprising:

a storage unit (109) configured to receive and
store sample containers,

at least one laboratory instrument (113) config-
ured to process samples contained in the sam-
ple containers,

a conveying unit (307) configured to convey
sample containers between the storage unit
(109) and the laboratory instrument (113),
wherein the storage unit (109) comprises:

a pick-and-place unit,

a working section (303),

a storing section (301), and

a transfer unit (305),

wherein the working section (303) is con-
figured such that a plurality of sample con-
tainers may be arranged therein to be ac-
cessible by the pick-and-place unit,
wherein the pick-and-place unit is config-
ured to pick up a sample container in the
working section (303) and to place said
sample container on the conveying unit
(307),

wherein the pick-and-place unit is further
configured to pick up a sample container
on the conveying unit (307) and to place
said sample container in the working sec-
tion (303);

wherein the storing section (301) is config-
ured such that a plurality of sample contain-
ers may be arranged therein by a user, and



15 EP 4 509 839 A1 16

wherein the transfer unit (305) is configured
to transfer the sample containers between
the working section (303) and the storing
section (301).

2. The system of claim 1, wherein one or more of the

following applies:

the conveying unit (307) is configured to convey
the sample containers in sample container car-
riers,

the sample containers are arranged in sample
container holders in the working section (303),
the pick-and-place unit is configured to pick up
the sample container from a sample container
holder in the work section and to place the
sample container on a sample container carrier
on the conveying unit (307), and

the transfer unit (305) is configured to transfer
the sample container holders between the work-
ing section (303) to storing section (301).

The system of claim 1 or 2, wherein the storage unit
(109) further comprises a cooling unit (401) config-
ured to control air temperature, wherein the cooling
unit (401) is configured to cool the working section
(303) and/or the storing section (301).

The system of any one of the preceding claims,
wherein the conveying unit (307) is configured to
convey sample containers to the laboratory instru-
ment (113) based on a load of the laboratory instru-
ment (113).

The system of any one of the preceding claims,
further comprising:

an input component (103) configured to receive
sample containers; and/or

a distribution component (105) configured to
receive container information for each of the
sample containers, the container information
comprising a container priority,

wherein a further pick-and-place unit is config-
ured to transfer the sample containers from the
input component (103) to the distribution com-
ponent (105).

6. The system of claim 5, further comprising:

a computing device configured to determine,
based on a load of the laboratory instrument
(113), whether the laboratory instrument (113)
is able to process further sample containers;

wherein the conveying unit (307) is further con-
figured to convey, upon determining that the
laboratory instrument (113) is unable to process
further sample containers, the sample contain-
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ers from the distribution component (105) to the
storage unit (109);

wherein the computing device is further config-
ured to:

prioritize the sample containers in the sto-
rage unit (109) for processing by the labora-
tory instrument (113) according to the cor-
responding container priority of each sam-
ple container; and

upon determining that the laboratory instru-
ment (113) is able to process further sample
containers, instruct the pick-and-place unit
to extract, from the working section (303), at
least one of the sample containers for pro-
cessing by the laboratory instrument (113)
according to the corresponding container
priority;

wherein the conveying unit (307) is further
configured to transport the sample contain-
ers to the laboratory instrument (113) for
processing.

The system of claim 5 or 6, wherein the container
information further comprises a container identifier;
wherein the system is further configured to identify,
based on the corresponding sample container iden-
tifier, at least one of the sample containers for pro-
cessing by a pre-analysis laboratory instrument
(111) of the laboratory automation system;

wherein the conveying unit (307)is configured to
convey the at least one identified sample con-
tainer to the pre-analysis laboratory instrument
(1),

wherein the pre-analysis laboratory instrument
(111) is configured to process the at least one
identified sample container;

wherein the conveying unit (307)is configured to
convey, after the processing, the at least one
identified sample container to the storage unit
(109);

wherein the pre-analysis laboratory instrument
(111)is a centrifuge, an aliquoter or a de-capper.

The system of claim 6 or 7, wherein the computing
device is configured to locate a container within the
storage unit (109) based on a sample container
identifier corresponding to the sample container
and alocation identifier corresponding to the sample
container in the storage unit (109).

The system of any one of the preceding claims,
wherein the storage unit (109) further comprises
means for protecting the sample containers from
vibration.

10. The system of any one of the preceding claims,
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wherein the cooling unit (401) is vertically mounted
on the storage unit (109) and/or the cooling unit (401)
is mounted on top of the storage unit (109).

The system of any one of the preceding claims
wherein the conveying unit (307) comprises a first
track and a second track, wherein the first track is
configured to convey sample containers in a first
direction, wherein the second track is configured
to convey sample containers in a second direction,
wherein the second direction is opposite to the first
direction.

A computer-implemented method for processing
sample containers, comprising:

receiving (S201), from a user, a plurality of
sample containers in a storing section (301) of
a storage unit (109);

transferring (S203), by a transfer unit (305) of
the storage unit (109), the sample containers
from the storing section (301) to a working sec-
tion (303) of the storage unit (109);

arranging (S205) the plurality of sample contain-
ers in the working section (303);

picking up (S207), by a pick-and-place unit of the
storage unit (109), a sample container from the
working section (303) and placing the sample
container on a conveying unit (307);

conveying (S209) the sample container, via the
conveying unit (307), from the storage unit (109)
to a laboratory instrument (113) configured to
process the sample contained in the sample
container.

The method of claim 12, further comprising,

receiving the sample containers at an input
component (103);

transferring the sample containers from the in-
put component (103) to a distribution compo-
nent (105);

receiving, at the distribution component (105),
container information for each of the sample
containers, the container information compris-
ing a container priority;

determining, by a computing device and based
on a load of the laboratory instrument (113),
whether the laboratory instrument (113) is able
to process further sample containers; and
conveying, by the conveying unit (307), upon
determining that the laboratory instrument (113)
is unable to process further sample containers,
the sample containers from the distribution com-
ponent (105) to the storage unit (109).

14. The method of claim 12 or 13, further comprising:
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10

placing sample containers having a relatively
low priority in a portion of the storing section
(301) more distant from the working section
(303) than other portions of the storing section
(301);

placing sample containers having a relatively
high priority in a portion of the storing section
(301) closer to the working section (303) than
other portions of the storing section (301); and
optionally

placing sample containers having a relatively
low priority in a portion of the working section
(303) more distant from the conveying unit (307)
than other portions of the working section (303);
placing sample containers having a relatively
high priority in a portion of the working section
(303) closer to the conveying unit (307) than
other portions of the working section (303).

15. A computer program comprising instructions that,

when the program is executed by a computer, cause
the computer to carry out the method of any one of
claims 12 to 14.
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